Issue: Hand hygiene is a cost-effective measure to reduce microbial transmission (Teare EL, Cookson B, French GL, et al. UK handwashing initiative. J Hosp Infect. 1999;43:1-3.) and is considered to be the most important measure to prevent healthcare-associated infections (Pittet D, Allegranzi B, Sax H, Evidence-based model for hand transmission during patient care and the role of improved practices. Lancet Infect Dis 2006;6:641-52). Unfortunately, the compliance rate of healthcare workers (HCWs) with recommended hand hygiene procedures is less than expected. Initial assessment: In order to estimate the effect of a multimodal intervention on improving healthcare workers' compliance with hand hygiene in eleven intensive care units (ICUs) from 11 hospitals of Buenos Aires, a randomized cluster-stepped wedge trial was designed. Choice of solution and implementation: A multimodal intervention was designed based on practices characterized by being evidence-based, low cost and suggested by qualitative research: (i) leadership commitment, (ii) surveillance of materials needed to comply with hand hygiene and alcohol consumption, (iii) utilization of reminders, (iv) a storyboard of the project and (v) feedback (hand hygiene compliance rate). Evaluation: The study enrolled 705 participants, comprising nurses (66.4%), physicians (25.8%) and other HCW (7.8%) along 9 months of observation. Compliance with hand hygiene in the control group was 66.0% (2354/3565) vs. 75.6% (5190/6864) in the intervention group. Univariate analysis showed an association between the intervention and hand hygiene compliance (odds ratio, OR 1.17; 95% confidence interval (CI), 1.13-1.22). The effect was still present after adjustment by calendar's time and providers' characteristics-age, gender and profession (OR 1.08; 95% CI, 1.03-1.14). Lessons learned: His study supports that a multimodal intervention was effective to improve compliance with hand hygiene in ICUs.
Introduction
Healthcare-associated infections (HCAIs) affect ∼5-10% of hospitalized patients and lead to a 10-40% increase in mortality. Hand hygiene is a cost-effective measure to reduce microbial transmission [1] and is considered to be the most important measure to prevent HCAIs [2] . Unfortunately, the compliance rate of healthcare workers (HCWs) with recommended hand hygiene procedures is less than expected. Erasmus et al.'s [3] systematic review showed a median of 40% lower in intensive care units (ICUs) (30-40%) than in other settings (50-60%).
In 2005, The World Health Organization (WHO) presented a global initiative called 'Clean care is safer care' to improve hand hygiene compliance among HCWs. This initiative emphasized five points: structural facilities (availability of an alcohol-based hand-rub at the point of care), training and education, monitoring and reporting of results (feedback), reminders in the workplace and patient safety climate [4] . Among others included in recent systematic reviews, two studies, about an evidence-based multimodal intervention, showed that compliance was improved from 50 to 85% in a 6-month period after this implementation [5] in one case and from 24.4 to 65.3% in the other case [6] . Behavioral strategies tend to be multimodal: education, role modeling, monitoring and feedback, reporting infection rates and posters and other marketing tools. Empowering healthcare teams seems to strengthen organization's cultural change in different healthcare settings [7] . Systematically designed strategies that target various problems and barriers to change, with activities at different levels of the system, are needed to achieve changes in hand hygiene compliance [8] . Effectiveness of these strategies, based on current scientific evidence, is still controversial [9] .
Even though tools and strategies exist, the evidence of hand hygiene compliance or of interventions to increase the practice is scarce in Argentina. By the time this study was designed, only two studies showed the reduction of hospital infections after a non-controlled intervention to improve hand hygiene [10, 11] . Rosenthal et al. identified a prevalence of 17% of compliance with hand hygiene. Prevalence of HCAI rates was higher in Argentina compared with European countries with a global rate of 11.3% [12] and an adjusted rate of 47.6 per 1000 patient-days [11] .
The aim of the study was to estimate the effect of a multimodal intervention on improving HCWs' compliance with hand hygiene in critical care units at acute care hospitals.
Methods

Setting and participants
The study was conducted at 11 ICUs from general hospitals in the city of Buenos Aires, Argentina.
An ICU was considered as a hospital unit in which there are concentrated special equipment and specially trained personnel for the care of seriously ill patients, requiring immediate and continuous attention. ICUs presented the following characteristics: on average ICU had 12 beds, nurse to patient ratio was 1/2 in nine ICUs and 1/3 in 2 ICUs, an average of 353 monthly patient/days (Minimum: 203; Maximum: 639), an average ventilator use rate of 39% (Minimum: 15; Maximum: 60), average central venous catheter use rate of 56 (Minimum: 34; Maximum: 91), 36% of the ICUs registered a central line-associated bloodstream infection (CLABSI) rate higher than 4 every 1000 patient/days.
The full-fledged ICUs must (i) have had implemented programs to monitor and prevent healthcare-associated infections at different levels of progress; (ii) be part of a hospital with >100 beds and (iii) have had a healthcare-associated infection program, conducted by at least one infection control practitioner (ICP) belonging to the Association of Nurses for Infection Control (ADECI). The observation started in 1 August 2011 and finished in 1 May 2012.
HCWs (nurses, physicians, respiratory therapists, pharmacists, residents and radiology technicians) were the study subjects in whom we evaluated hand hygiene compliance.
Hand hygiene was practiced by HCW to reduce or inhibit the growth of microorganisms by the application of an antiseptic hand rub or by performing an antiseptic hand wash [13] .
Exclusion criteria
This study excluded hospitals with less than one ICP for every 200 beds or without alcohol-based hand rubs.
Design
The design was a stepped wedge cluster randomized trial with the ICU as the randomization unit. Following the procedures of trial design, allocation of the intervention was done by a concealed table of random numbers. Site coordinators were instructed not to start any intervention beforehand and to report just what was asked at each observation period to prevent contamination. Once a month (during the first week), two or three sites were randomly assigned to receive an intervention. Figure 1 shows the final distribution of interventions. At the time that a site was assigned for intervention, a text message was sent to the site coordinator to assess the condition of the unit. All the site coordinators were trained to conduct the intervention during workshops with the principal investigators. Site coordinators who were not contacted continued providing usual care.
Intervention
A multimodal intervention was designed, adapting current scientific evidence to local barriers and facilitators. These barriers and facilitators were explored through eight depth interviews conducted by four focus groups and social scientists on a convenient sample of HCWs from the units that were included in the study.
These focus groups included 26 nurses or technical personnel and 12 physicians. In-depth interviews were conducted by ICPs, hospital directors, ICU chiefs and other HCWs. Main findings suggested among others the need of institutional commitment, nurse empowerment, availability of supplies and compliance with evaluation and feedback. (See Supplementary Appendix A for more details).
After focus group and interview findings were known, the group of site coordinators developed a brainstorm session and a priority matrix to select five initiatives to implement. The participants were also handed the Hand Hygiene Knowledge Questionnaire for HCWs [14] to have more information when designing the intervention.
Initiatives deployed in order
(i) A signed letter from leaders with the commitment to support the project and the participation of directors in monthly executive walk-rounds ® [15] oriented to hand hygiene were asked from hospital directors and unit leaders fortnightly and then monthly. (ii) Availability of alcohol-based hand rub and materials needed to comply with hand hygiene was daily surveyed and re-supplied, as needed, by auxiliary personnel, since the first day after allocation of intervention. Auxiliary personnel should survey the supply and re-supply as necessary: the alcohol-based hand rub at bedside and next to the rooms at a distance not longer than seven steps, soap next to the sinks and paper towels. Measuring the amount of hand washing products was not mandatory. (iii) Reminders placed at the entrance of patient's rooms and in common areas. We also developed a pocket version with major findings from the evidence on hand hygiene for each HCW. (iv) A storyboard was used to display the letter signed by directors, results of monthly observations and photos of the healthcare team. (v) Every month, coordinators of intervened sites received results of the indicator (compliance with hand hygiene) and they showed them in the storyboard comparing it to the best performance in study (if the site complied with <70%) or to an international performance of 95% (if the site complied with 71% or more).
Training for site coordinators
The intervention was preceded by a 'train the trainers' workshop for ICPs for informing them about the study protocol, standardizing basic skills about hand hygiene techniques and opportunities for HCWs from included sites and standardizing the surveillance process. They received an operational manual, in advance, that was discussed during the meeting.
Outcome measurement
The main study outcome was in compliance with hand hygiene based on the WHO survey tool [16] . The five moments for hand hygiene suggested by WHO were monitored: (i) Before touching a patient, (ii) Before clean/aseptic procedure, (iii) After body fluid exposure risk, (iv) After touching a patient and (v) After touching patient surroundings [17] . Secondary outcomes were change in hand hygiene compliance according to predictor's variables such as type of HCWs, shifts and hand hygiene situation.
All outcomes were measured monthly by covert unobtrusive direct observations to identify whether changes occurred from 1 August WHO 2011 to 1 May 2012. Observation periods were decided in concordance with the hospital director and the month of observation was notified to HCWs. HCWs were not aware of the day or hour that the observer performed observation. Data collection was done using the WHO tool kit by an observer selected from a group trained by the site's coordinator. At least 30 HCWs were observed at each measurement step (from different shifts and days of the week). The same HCW could be observed up to four opportunities (each opportunity was equivalent to one of the five moments for hand hygiene). The time consumed by the measurement was, on average, 1 h of three randomly selected days of the week (3 h a week).
Baseline compliance, control compliance and compliance after intervention were assessed by the same methodology. The site coordinators were responsible for hospital data. The data collection was done as a prevalence point and included HCWs such as physicians, nurses, respiratory therapist and technical assistants. HCWs signed an informed consent before baseline assessment to confirm participation agreement.
Site coordinators validated the measurements through concurrent observation in a convenient sample (10%).
Data were collected using specially designed paper forms.
Statistical analysis
The sample size was calculated, considering a proportion of hand hygiene equal to 50% at the control period, a proportion of at least 70% at the intervention period. We assumed an intra-class correlation coefficient between 0.005 and 0.03 and cluster size equal to 30 (number of health providers in each site). The number of clusters required to test hypothesis was 10 or 11. The proportion of hand hygiene was calculated by site for the control and for the intervention period, and the absolute difference between these two periods was reported with the confidence interval. We used a generalized estimating equation (GEE) to test the significance of the intervention. The GEE allowed us to adjust the correlation between the repeated measures of the health providers. Our outcome was binary and was coded as '1' when the HCW complied with the hand hygiene and '0' if not. The first model included a random effect for the health provider and a fixed effect for the intervention. The second model included the last two parameters reported plus the fixed effect corresponding to the time period. This strategy of analysis is the one recommended by Hussey and Hughes [18] . An adjusted analysis was also done, considering the characteristics of the sites and the characteristics of the health providers. Analysis was performed in SAS 9.12 for Windows.
Ethics
The study protocol was approved by the Institutional Review Board of WHO, in Switzerland, and CEMIC in Argentina. A consent form was obtained at the beginning of the study, prior to baseline survey and randomization from all study subjects. 
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Results
The study observed 10 429 opportunities for hand hygiene in 705 HCWs/ months during 9 months spanning from 1 August 2011 to 1 May 2012 in 11 sites. A total of 60 months of intervention and 28 months of control were observed, following the stepped wedge design of the trial.
Summary of results of Hand Hygiene Knowledge Questionnaire for HCWs and qualitative findings are shown in Supplementary Appendix A.
In Fig. 1 , it is shown in which period the sites received the intervention and the time they were exposed.
The time of exposure of the sites, HCWs and site characteristics and baseline compliance with hand hygiene are given in Table 1 .
Site number 9 was dropped out 2 months before ending the surveillance period due to reduced number of staff participating in study and an outbreak of multi-resistant bacteria that required multiple interventions. Site number 3 was withdrawn for the analysis, because it was the only pediatric ICU and the director implemented actions for improving hand hygiene before the study intervention due to an outbreak situation since the second month of the study. This site accounted for 1185 hand hygiene opportunities observed with a baseline compliance of 72 and 90% of compliance after the outbreak (on the sixth month).
The proportion of hand hygiene compliance and the number of opportunities observed by site before and after the intervention and the absolute difference between these two periods are given in Table 2 .
At all sites, compliance with hand hygiene increased after the intervention. The difference at the sites ranged from 1.9 to 26.7%. The absolute difference of the global hand hygiene compliance in the control group was 66.0% (2354/3565) vs. 75.6% (5190/6864) in the intervention group (data not shown).
The effect of the intervention is shown in Table 3 . The hand hygiene compliance was significantly higher at the intervention period (odds ratio, OR 1.17; confidence interval, CI 1.13-1.22). The odds ratio decreased to 1.08 when we adjusted by the time period, but it is still statistically significant (P-value: 0.0001). We conducted the same analysis by adjusting the sites and health provider's characteristics obtaining no difference in the results.
The same analysis was conducted, splitting the sample by the shift in which the hand hygiene was observed and the moment that was observed (Table 4 ). All the analyses were done by adjusting the time period. The effect of the intervention was significant in the morning and at night shift and with no effect in the afternoon shift. The biggest effect of the intervention was seen after contact with patient surroundings and the lowest after patient fluid exposure as shown in Table 4 . In Fig. 2 , the proportion of compliance with hand hygiene by month is shown. The sites were aggregated by the moment in which the intervention was implemented. The figure shows how the baseline proportion of hand washing started with values around 50-70% and ended with values from 60 to 90%. Each center performed at least one executive walk-round per month and eight centers achieved one executive walk-round per shift or more in each month.
Discussion
Hand hygiene practice plays a crucial role in preventing HCAIs, and successful interventions to improve HH have been reported from developed and developing nations, especially in the last 3 years [6, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] .
Enhanced or multimodal intervention including alcohol-based hand rub seems to be more effective than standard practice [30] . Based on the results of the study, hand hygiene compliance was significantly higher during the intervention period (OR 1.17; CI 1.13-1.22) after implementing a multimodal intervention to improve hand hygiene among HCWs in ICUs. The strengths of our study were the design and an intervention based on evidence recommendation (multimodal) and previous qualitative research that provided a solid ground for its results.
Participant's sites implemented hand rubs for hand hygiene in 98%, which shows that some recommendations to facilitate hand hygiene were already in place before the study. This could be unrepresentative of all the kinds of healthcare organizations in Argentina where ∼4000 healthcare organizations exist. The implementation of hand rub dispensers in our country began a few years ago, and there are no more than 100 hospital included in the international WHO campaign for improving hand hygiene.
The baseline of hand hygiene compliance of the included sites was 62%. This compliance was higher than the expected estimated baseline compliance of 50 or lower based on Rosenthal H et al.' study [11] , which found, in 2005, a baseline of 17% in three Argentinean hospitals and the overall median compliance found in the systematic review performed by Erasmus et al. [3] . This difference could have reduced the expected effect of the intervention. Sites were probably biased due to long exposure to infection control programs of >10 years in 72% of the ICUs. Hawthorne effect could have played a role in the baseline compliance and implementation measurements; however, the difference between periods was still statistically significant (15-24%).
Hand hygiene knowledge was under 30%, much lower than hand hygiene compliance. These results could come from the lack of utility that HCWs give to scientific concepts related to a habit or a basic practice.
The difference in knowledge between doctors and nurses mentioned by Pittet et al. [7] was not confirmed (P: 0.49; see Supplementary Appendix A), but some domains showed differences favoring nurse knowledge like that related to transmission to patients, hand rub/hand washing moments and elements to avoid for good hand hygiene.
The rate of compliance by physicians showed the highest difference between the study periods. They adhered 54.5% before the intervention and 72% after the intervention. We believe that this effect is probably associated with the presence of the hospitals directors' commitment as part of the strategy of change. Those hand hygiene moments associated with self-protection such as contact with patient or fluids showed a higher spontaneous compliance, and HCWs showed better knowledge about them in the baseline survey. The intervention showed a minimum initial effect on these moments that was improved after 5 months or more. This has been mentioned in the WHO Guideline on Hand Hygiene as being invoked not on a true microbiological basis, but on emotive sensations including feelings of unpleasantness, discomfort and disgust. Similar barriers were found in previous studies by Larson et al. [31] and Kretzer and Larson [32] . Some other concepts like skin intolerance and forgetfulness were not stressed by participants of the current study.
This study found that a multimodal intervention could improve all moments for hand hygiene and that the effect seems to be sustained after 5 months of activities. Only one site dropped from the study. This site started with only one observer who decided to stop collaborating after 2 months due to an outbreak of multi-resistant bacteria. This situation made it impossible to sustain monthly observation. The lesson learnt at this point was that at least two observers should be trained and they should participate collaboratively to guarantee continuous surveillance. Surveillance was easily taught to the observers, but it takes 1 h/day during 3 days of the week to observe the minimum sample of HCWs.
We believe that limitations of the study were that the site coordinators' regular activities and roles at the ICU could not be standardized, that sites were heterogeneous at baseline compliance (one site started with >70% of compliance), and contamination could not be ruled out, because every site coordinator knew already that hand hygiene had to be improved. All of the limitations mentioned correspond to human behavior that was the main aspect to be changed in the target population but the most difficult to standardize among those who were carrying out the implementation. Other limitation could be the period of study which, besides the design and analysis, shows an association between the intervention and compliance with hand hygiene, a longer period could show the sustainability of the initiative.
The effect of the intervention was still present after adjustment by time, provider, shift and moment for hand hygiene.
Moment 3, the moment after touching a patient, and Moment 4, after making contact with fluids, showed a higher spontaneous compliance, and HCWs showed better knowledge about them in the baseline survey. Intervention showed a minimum initial effect on these moments, which were improved after 5 months or more.
Intensive care personnel perceived these factors as contributive to sustain the effect: leaders' commitment shown by executive walkrounds ® , the relationship of the ICP with other personnel able to perform surveillance in the sites (this factor facilitated the identification of the observers and their commitment with the task), the assurance of supplies for hand hygiene and feedback. Feedback was presented as a competition or benchmarking, and this seemed to be the strength of the tool. The intervention showed a tendency to be more effective after 5 months of activities. This study analyzed hand hygiene compliance separated from HCAIs. The impact of hand hygiene on HCAI rates is difficult to analyze, because current strategies to reduce HCAIs include hand hygiene among other initiatives that compound a bundle of preventive strategies [9, 30] .
This first randomized cluster stepped wedge trial, performed in Buenos Aires, Argentina, showed how a multimodal strategy, simpler than others previously published, is an effective tool to increase the awareness of HCWs, and its effect was sustained after 5 months. This study results were confirmed in 2013 by Rosenthal et al. with a study that estimated an improvement of 48% of compliance with hand hygiene in a group of countries, similar to and, including Argentina. Main difference of Rosenthal study from ours is the design. Rosenthal et al., developed a before/after study that followed sites for 7 years [33] .
We conclude that this multimodal intervention was effective to improve hand hygiene in HCWs from ICUs with moderate compliance with the practice. We believe that this initiative could be easily replicated, especially in those settings where one member of the team is trained in infection prevention and surveillance.
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